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INTRODUCTION 
It is only during the past few decades that mosquitoes 
have been used in genetic invest igat ions , when mosquito 
populat ion posed a problem in pest control programme by 
developing resistance against some insect ic ides , this 
st imulated interest in the genetic control of this insect which 
belongs to the family (Culicidae) of lower diptera 
(Nematocera) , these show chiasmata at meiosis in the males 
which is generally not seen in the males of higher dipterans. 
Mosquitoes as pests as well as vectors of many distressing 
human diseases have been a major concern in nearly all parts 
of the world, and studied from the stand point of bionomics , 
physiology, systematics , disease t ransmission, insect icidal 
res is tance, chemical and biological control etc. 
Fortunately the presence of large banded polytene 
chromosomes in several larval t issues of mosqui toes , salivary 
glands and ovarian nurse cells, in part icular have offered a 
promising tool for many workers in genetic and evolut ionary 
studies of mosqui toes . 
The history of cytogenetic studies of the mosquitoes that 
of the Anopheline species in part icular can be traced back to 
search for an explanation of the bewildering phenomenon. 
"Anophelism without malar ia" first recognized in palearctic 
Anopheline species towards the end of the second world war, 
this search led to the recognit ion of "Maculipennis complex" 
which became one of the classic examples of a group of 
morphological ly similar sibling species with well defined 
ecological , physiological and genetic differences. 
The importance of cytogenetic characters in the analysis 
of closely related species of Anopheline species has been 
demonstrated by pioneering work of Frizzi (1949, 1950, 1951 
and 1953a&b) on the palearct ic species of the "Maculipennis 
complex". The usefulness and cytogenetic results in 
establ ishing the Anopheles gambiae complex is equally well 
demonstrated by the studies of Davidson et al., (1967); 
Coluzzi, (1966); Coluzzi and Sabatini , (1967, 1968, 1969); 
Davidson, (1974) and Davidson and Hunt (1973). 
Although cytogenetic work with mosquitoes especially 
with Anopheline species started around 1940s, knowledge in 
this field is very scanty, part icular ly regarding the tropical 
mosquitoes and among them the oriental species. At the same 
time, it is encouraging to note that laboratory colonies of 
different mosquito species have offered an important testing 
ground for the applicat ion of biochemical methods to 
taxonomic problems. Breland (1961) described mitotic 
chromosome complements of 24 species of mosquitoes 
belonging to 9 genera. Rai, (1963) undertook a comparat ive 
study of somatic karyotype of 12 species of mosqui toes 
belonging to 5 genera. Ki tzmi l le r ' s reviews (1953, 1963) 
contain numerous addit ional references on chromosome and 
karyotypes of mosquitoes including those of several species of 
Anopheline mosqui toes . 
Much of the work on mosquito cytogenet ics has been 
altered by the development of simple techniques for 
differential staining of metaphase chromosomes, the abili ty to 
identify and differentiate chromosomes especial ly the sex 
chromosomes has brought cytogenetics of mosqui toes to the 
brink of an exciting new phase. 
Mosquitoes have long remained a subject of cytological 
interest, therefore considerable data is now available 
concerning the work done in the various parts of the world 
Kitzmiller (1953,1963,1967) and Chowdaiah et al., (1971). 
These researches in the field of cytogenet ics of the family 
Culicidae have however remained restr ic ted mainly to three 
genera viz, Anopheles,Aedes and Culex whereas other groups 
still hold valuable informations. Genus Mansonia is one such 
group. Among approximately 2960 species of mosquitoes 
Knight and Stone (1977) karyotypes for 103 species have been 
described Kitzmiller (1976). A common feature of all these 
species is that they posses the three pairs of chromosomes 
with often only minor morphological differences in their 
overall length and centromeric posi t ions , part icular ly 
Culicines Rai (1966), Kitzmiller (1976). Among the 
Anophelines the use of polytene chromosomes analysis has 
revealed a wealth of chromosomal repat terning and interest ing 
phylogenet ic re lat ionships Kitzmiller (1976). Unfortunately 
the polytene chromosomes of Aedes are unsui table for 
cytogenetic studies. Moreover unlike the Anophel ines the sex 
chromosome pair is homomorphic in Culicine mosqui toes . All 
species of mosquitoes showed a diploid number of 6 
chromosomes. 
Breland (1961) suggested that Anopheles pseudopunctipennis 
represents a different Anopheles karyotype (autosome with 
unequal arms). This may well be the result of per icentr ic 
inversion or t ranslocat ion also of unknown signif icance, but of 
great interest is, the presence of satel l i te in prophase 
chromosomes in two species of Orthopodomyia he suggested 
that these might represent chromosomal sex elements general ly 
lacking in mosquitoes other then Anopheles. 
Akstein (1962) has given a careful descript ion of 
spermatogonial mitosis and meioses in Aedes aegypti. He also 
k 
included a discussion of karyM^be of severaL ^oCbsquitoes. 
Diploid chromosome number of 6 were—r-epT3rted for Aedes 
albopictus, Culex laticinctus, Culex theibri and Culiseta 
longiareolata. Spermatogenesis has been studied in Anopheles 
stephensi by Rishikesh (1955). The karyotype is not unusual 
for Anopheles, 2 pairs of-metacentric autosomes and 1 pairs of 
unequal subtelocentr ic heterosomes. More at tention was given 
to the condensation behaviours of heterosomes in which a 
definite heteropycnot ic area was incorporated into X 
chromosome. The longer portion of heterosomes were unequal , 
rather than the short arms, Rai and Craig (1961) reported 
mitotic metaphases from 5 species of Aedes and one each of 
Corethra, Anopheles and Culex. 
The usual diploid picture 2n=6 (except Corethra 2n=8) 
was found. They agreed with Breland in finding one short pair 
and two relat ively longer ones in Aedes aegypti. 
Rai (1963) added to our knowledge of several mosquito 
karyotypes . The morphology of mitotic chromosomes from 
brain cells ( t issues) of fourth instar larvae were studied in 12 
species of mosquitoes . These included an unidentif ied species 
of Corethra, Anopheles quadrimaculatus, Wyeomyia smithii, 
Culex pipiens pipiens, C. restuans, C. teriitans, Aedes togoi 
Ae.vexans, Ae.albopictus, Ae.aegypti, Ae.atropalpus and 
Ae.slimulans, the diploid chromosome number of all species 
examined except Corethra (2n=8) was six. Based on their 
length and posit ion of centromere, individual chromosomes 
have numbered from 1 to 3 (1 to 4 in Corethra) Chromosome 
one is the smallest in the complement and dimorphic in 
Corethra sp. and Anopheles quadrimaculatus. With the 
possible exception of Culex pipiens pipiens and one of member 
of this pairs in male of Corethra and Anopheles, chromosomes 
one is metacentr ic , the next larger chromosome has been 
designed, as chromosomes 2, it is submetacentr ic in Aedes 
aegypti, Ae.atropalpus and Ae.stimulans in all, other species it 
is metacentr ic . Chromosome 3 which is the largest of the three 
chromosome is submetacentr ic in Aedes stimulans and 
metacentr ic in others. The size of the chromosome 1 is 
variable in different species and so is the ratio of chromosome 
1 to 2 and 3. The ratio is lower in Culex then in Aedes. 
Towards the end of its shorter arm, chromosome 2 in Aedes 
atropaplus shows an achromatic gap in one or both of its 
homologues. Each resting nucleus in this species shows 2 
conspicuous feulgen posit ive part icles at opposite poles , one 
particle was seen in each rest ing nucleus of Anopheles 
quadrimaculatus and Corethra Species. Rarely polyploid cells 
were observed in brain tissue of Wyeomyia smithii and Culex 
pipiens pipiens. 
After the development of banding pattern techniques 
around 1968, it became a general pract ise to "band" the 
chromosomes before analysis , these techniques of differential 
staining of metaphase chromosomes are now in use for the 
study of mosquito metaphase chromosomes. Since the 
individual chromosomes of many species are similar in size 
and morphology. The differential banding pat tern facil i tates 
the detection of each chromosome especial ly the sex 
chromosomes, these banding technique are therefore in 
common practise in taxonomy. They are of much importance 
for the correct and exact identif icat ion and classif icat ion of 
different species of insects as well as other animals , these 
pattern are generally consistent for a taxon except for minor 
variat ions. These techniques also made the identif icat ion of 
individual chromosome pairs possible , even to the extent of 
sister chromatid exchange. 
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REVIEW OF LITERATURE-A HISTORICAL 
ACCOUNT 
Stevens (1910) who observed for the first time the 
meiotic chromosome of Culex pipiens is general ly credited 
with ini t iat ing chromosomal studies on mosqui toes and first 
report of polytene chromosomes in mosquitoes was made by 
Bogojawlensky (1934) from the sal ivaryglands; malpighian 
tubules; midgut, and the anterior portion of the hind gut of 
Anopheline larvae. Polytene chromosomes of Culex pipiens 
were reported by Sutton in (1942). 
The significance of cytogenetic studies of mosqui toes 
was realised only after the t imely publicat ion of a review of 
l i terature by Kitz; miller (1953) and a survey of the 
chromosomal complements in several species of mosqui toes by 
Kitzmil ler and Frizzi (1954). 
Rozeboom and Kitzmiller (1958) have emphasized the 
genetic aspect in their review of hybridizat ion and speciation 
in mosqui toes . A synopsis of workable techniques and the 
contr ibution of considerable new findings have been made by 
Breland and his col laborators Breland (1961 , 1963) Breland 
and Gassner (1961, 1962) Breland and Riemann, (1961) Long 
(1961). 
Breland (1961) described in detai l , the mitotic and 
meiotic chromosomes of 24 species of mosqui toes . Among 
them were, seven species of Culex, seven species of Aedes, 
two of Orthopodomyia three of Psorophora and one each 
Anopheles, Haemagogus, Culiseta, Taxorhynchites and 
Uranotaenia. Rai and Craig (1961) reported mitotic 
metaphases from five species of Aedes and one each from 
Corethra, Anopheles and Culex. The morphology of mitotic 
chromosomes from brain tissue of fourth instar larvae has been 
studied by Rai (1963) i n l 2 species of mosqui toes . 
Other review by Davidson and Mason (1963) and 
Kitzmiller (1963,1967) are also quite significant Kitzmil ler 
and Mason (1967) have dealt in detail with the formal genetics 
of Anophel ines . "Genet ics of insect vectors of d isease" edited 
by Wright and Pal (1967) is a very important publicat ion and 
serves as a land mark in the field of insect genet ics . 
The sibling species of Maculipennis complex can be 
identified on the basis of their polytene chromosome maps. 
The chromosomal arrangement of Anopheles atroparvus is 
considered as standard, since all the arrangements of other 
species of this complex can be derived from that of Anopheles 
atroparvus by a series of s tructural chromosomal 
rearrangement Kitzmiller (1967). Mukherjee et al., (1966) 
presented the karyotypes of nineteen mosquito species 
belonging to four genera. In another paper (1970) they 
described the karyotypes of eleven species belonging to four 
genera. The species studied by these workers included Aedes 
implicalus, Aedes pullatus, Aedes sierrensis, Aedes veripalnus, 
Aedes sinerens, Aedes fitchii, Aedes impigens, Anopheles 
franciscanus, Anopheles earlei, Culex apicalis and Psorophora 
signipennis. 
Chowdaiah et al., (1971) have made a brief review of the 
cytogenetic studies in oriental mosqui toes . The other 
important publicat ion includes the "Genet ics of insect vectors 
of d isease" edited by Wright & Pal (1967) and the "Use of 
genetics in Insect control" edited by Pal and Whitten (1974). 
In Soviet union, Stegniy and his Coworkers have 
presented the karyotype and chromosome polymorhism of 22 
geographical ly isolated natural populat ion of the malaria 
vector Anopheles messae. Stegniy (1976) ,Stegniy et al. 
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(1976a,b) Pleshkova et al. (1978). Stegniy and Kabanova 
(1978) also made a comparat ive chromosome analysis of 
Anopheles atroparvus and Anopheles maculipennis. 
Chromosomal polymorphism and salivary gland chromosomes 
of hybrids between strains of Anopheles sinensis 
Oguma,(1976) and hybrids of Anopheles sinensis and 
Anopheles sineroides Kanda and Oguma, (1977 a,b) have also 
been studied. 
The standard maps of salivary gland chromosomes of 
Anopheles jamsi. Anopheles phillippinensis and Anopheles 
fluvitialis have been described by Sharma (1976,1977) , and 
Sharma and Chaudhary (1976) Kitzmil ler (1976) described the 
salivary gland chromosomes of Anopheles (Stegomyia) Kompi 
and the data have been used for cytotaxonomic purposes . 
Chromosomal homologies betw^een Anopheles 
noroestensis and other species of subgenus Nyssorhynchus 
have been made by Kreutzer and Kitzmiller (1978) . Studies on 
the cytogenetics of Mansonia (Mansonoides uniformis), 
Theobald, with part icular reference to the gene arrangement on 
the polytene chromosomes have been done by Chaudhary 
(1972). Chaudhary (1974) also described the karyotypes of 4 
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genera, 4 subgenera and 9 species of mosquitoes from two 
geographical extremes of India. Curtis et al . (1976) developed 
a genetic sexing system in Anopheles gambiae involving R70 
t ranslocat ion which linked to the gene for dieldrin resistance 
to the Y chromosome for use in the genetic control of the 
vector speciat ion in the gambiae complex has been reviewed 
by Coluzzi et al. (1979). 
Gamma radiation induced t ranslocat ions and inversions 
have been isolated and examined cytological ly in both mitotic 
and polytene chromosomes by Baker et al. (1978). In 
Anopheles culicifacies these aberrat ions support the 
hypothesis that only the short arm of the X chromosomes is 
present in polytene chromosome complement. A homozygous 
t ranslocat ion strains of Anopheles culicifacies has been 
isolated Sakai et a / . (1979a) . Genetics and cytogenet ics of two 
unstable Y-linked t ranslocat ions indicated that crossing over 
can occur between the X &Y chromosome of this species Sakai 
et al. (1979 b,c .) . These aberrat ion suggested that the long 
arms of the X & Y chromosomes are homologous and that the 
sex determining mechanism (s) is located in the short arms. 
Chowdaiah (1980) made a detailed reviews of the recent 
advances in the genetics of Culicine mosqui toes . 
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Motara (1982) has reported that the red eye allele (re) on 
chromosome I is the most important in the product ion of 
abnormal progeny. He analyzed the sex locus of these 
mosquitoes and provided experimental data support ing the 
hypothesis of the sex locus in Culicine mosquitoes being a 
segment or block of genes on chromosome I. 
Libewan et al. (1983) have studied the polytene 
chromosomes of the salivary gland of Anopheles sinensis. 
They have also done the reidentif icat ion and chromosome 
mapping and a map of banding pattern in the Chinese 
populat ion of this species was presented in detail . 
Tadei et al. (1984) have described the chromosome 
polymorphism of Anopheles darlingi. Two new inversion were 
described and the number of rearrangements was raised to 12, 
three asynapsed regions were also described, one being in X 
chromosome and two in chromosome II. 
The chromosomal polymorphism in the populat ion of 
Anopheles quadrimaculatus species A & B described by Kaiser 
et al. (1988), while Gordeev et al. (1997) described the 
cytogentic and phenotypic variat ion in central and peripheral 
populat ion of Anopheles messae. Cytogenetic analysis of 
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Anopheles gambiae complex has been given by Robert et al., 
(1990) and Petraca et al. (2000). Ramirez et al. , (2000) 
described the chromosome differentiated populat ion of 
Anopheles cruzzi. Cytogenetic descript ion of a new species, 
Anopheles culicifacies was given by Suguna et al. (1989, 
1994) and the morphological and chromosomal descript ion of a 
new species in Anopheles subpictus by Coetzee et al. (1999), 
while the genetic diversi ty in relat ion to chromosome 
inversion in Anopheles gambiae described by Mathiopoulos et 
al. (1995) and also chromosomal inversion induced by 
t ransposable elements, described by Mathiopoulos et al. 
(1999). 
The introgression of paracentr ic inversion between two 
sibling species of Anopheles gambiae complex was described 
by Torre et al. (1997) and mult iple origin of cytological ly 
identical chromosome inversion described by Caccone et al. 
(1998) while the metaphase karyotype of Anopheles of 
Thailand described by Baimai et al. (1996) and Menon et 
al .(1996) described the use of a cytological technique to 
prepare mitotic chromosomes from Masnsonoides mosquito 
and again use of inoculat ion technique for screening of 10 
14 
plant species for metaphase chromosome preparat ion in adult 
mosquitoes described by Ji tpakdi (1999). 
The variat ion in Y chromosome in Aedes aegypti 
described by Owusu-Daaku et al. (1998) and the l inear and 
spatial organizat ion of polytene chromosome described by 
Sharakhov et al. (2001). 
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MATERIALS AND METHODS 
Source of M a t e r i a l : 
The species of mosquitoes used in present invest igat ions 
belong to the two most important genera of the family 
Culicidae i.e. Culex and Anopheles. 
Some of them were field collected, gravid females were 
usually collected from the field and colony houses which were 
transferred to the insectary and then allowed to deposi t eggs 
into the individual vials . The larvae of the individual females 
were reared in separate pans, and some other were collected 
from different places. 
(A) Rou t ine m a i n t e n a n c e and r e a r i n g 
For rearing of mosqui toes , they are kept in wooden 
cages, ( 1 8 " x l 8 " x l 8 " ) with wire netting in the insectary at a 
temperature of 24'^C+1°C, and Relative humidi ty (RH) 
80%+10%. 
A cotton pad soaked with 5% sucrose solution in a small 
petr idish is to be provided, together with a beaker filled with 
water to be renewed al ternately in each cage. For blood 
feeding, females (about 10 days old) starved for 24 hours were 
provided with an albino rat wrapped in wire mesh, for 2-
3hours during the evening each week. A plast ic cup (6cm 
diameter and 3cm deep), containing tap water and lined with a 
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small strip of filter paper, was kept for oviposi t ion in each 
cage. Oviposi t ion occurred on the moist filter paper on 4 or 
5"' day after blood meal. One or two days after oviposi t ion, 
water drained out from the oviposi t ion cup. 
In case of Anopheline and Culicine mosqui toes , eggs 
were immediately transferred to the white enamel pans 
containing tap water for hatching. Hatching was usually 
completed within two days after immersion. Crushed rat feed 
or yeast tablet were given to the larvae. Scum if formed was 
removed from the surface of water with a strip of filter paper 
on al ternate days. 
At 25+l°C pupation started, 9-10 days after hatching, 
though few larvae took a much longer time (up to 20 days) to 
pupate in condit ions of over crowding, since at this 
temperature the pupal stage lasted almost 3 days, pupae were 
picked on alternate days and transferred to the wooden cages. 
L a b o r a t o r y Methods 
The use of t issues, hypotonic solutions and larval sexing. 
The larval t issue (brain and gonadal t issue) was used in 
the preparat ion of chromosome sl ides. Whenever the material 
was scarce or when there was difficulty in securing a 
sufficient number of metaphases from brain cel ls , the larvae 
were pretreated with 0 . 1 % colchicine solution for duration of 
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2-5hours. To obtain an adequate number of metaphase plates 
20-30 larvae were dissected at a t ime. The chromosomal 
preparat ions were made from dissected t issues of the larvae. 
A modified air-drying technique s tandardized in this 
laboratory was adopted in the preparat ion of mosquito 
chromosomes. This include a combination of hypotonic 
prefixation treatment and air drying, as well method used by 
Hungerford (1965, 1971). A modified air drying technique 
used by Venkatchalaiah (1981) was adopted. 
With a view to accumulate an adequate number of cells 
more then 10-15, larvae or pupae were dissected at a t ime. 
Chromosome preparat ions were made from such dissected 
t issues . In order to assess the results of the preparat ive 
techniques , hypertonic solutions of the following salts were 
tried on the dissected t issues. The best preparat ions were 
obtained with salt solutions of the following molar i t ies . 
1) 0.15M Potassium chloride solution in case of early 
meiotic stages. 
2) 0.06M to 0.08M sodium chloride solution in case of 
mitotic and later meiotic stages. 
3) 0.015M sodium citrate solution in case of mitotic 
metaphase. 
18 
Molarity was determined by the following formula. 
Molecular wt.x Molari ty required 
xVolume required 
Weight in gram = 
1000 
MwxMxV 
1000 
Sexing was done at the larval and pupal stages. In female 
thoracic region is much wider than in the males , and the 
female pupae are much bigger in size than the male pupae. 
Dissec t ion: For dissecting the larval brain and gonads, a larva 
was taken over clean glass slide. The head capsule was 
separated from the thorax in a drop of water under a 
s tereoscope by making a sharp incision using a razor blade on 
the mid thoracic region, and cut out portion of the head 
capsule was pushed to a corner of slide. Two similar sharp 
incision were made on either side of the region of gonads 
which are situated in the abdominal region from 6"* to 7**^  
segment. This gonadal region was segregated and used for 
meiotic studies. About 20-30 larvae were dissected at a time 
on a slide, provided sufficient material for each preparat ion. 
The required t issue was then transferred to cavity blocks 
containing appropriate hypotonic solut ions. 
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P r e p a r a t i o n of sl ides 
For chromosome preparat ions brain and gonadal t issues 
were selected as these are ideal t issues for the study of 
metaphase chromosomes of mosqui toes as well as many other 
insects . 
A modified air drying technique was s tandardized by 
Venkatchalaiah, (1981) was adopted this includes a 
combination of hypotonic prefixation and air drying as well as 
method used by Hungerford (1965, 1971) for preparat ion of 
human chromosomes. 
The dissected material in the hypotonic solution was 
thoroughly minced with the help of a pair of small scissors 
with a curved tip until a fine suspension was obtained. This 
suspension was made fine using a syringe and a broad needles 
of no. 18. After mincing the cell suspension was transferred by 
a pasteur pippette into a 15 ml, cetrifuge tube, and the cells 
were sedimented at 800rpm for 4 minutes. The supernatant was 
removed and replaced with hypotonic solution to allow 
resuspension for some time followed by after centrifugation. 
The hypotonic solution was then removed and replaced with 3-
5 ml of freshly prepared fixative (Methanol and glacial acetic 
acid in a rat io 3:1). The pellet of cells was then dispersed into 
fixative by gentle agitat ion with the help of pasteur pipet te , 
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and the volume was slowly increased by addit ion of more 
fixative. The cell suspension was further centrifuged and 
resuspended with two changes in the fresh fixative. After the 
last centrifugation the supernatant was discarded and a small 
volume of fixative was again added to the residue to obtain a 
turbid cell suspension. This cell suspension was dropped on 
previously chilled slides with the help of pasteur pippet te . The 
glass slides were dipped in chromic acid for 3 hours washed 
with water and kept under running water overnight . These 
slides were then immersed in absolute alcohol and refr igerated 
for 24 hrs. Two coplin ja rs each containing dist i l led water 
were also refrigerated for some time prior to slide making. 
The chilled slides from the refrigerated alcohol ja r were 
transferred to one of the coplin ja rs having dist i l led water and 
were vigorously shaken until the surface of the slide appeared 
smooth. The slides were then transferred to the other coplin 
jar having disti l led water and were again shaken well. A 
pasteur pippette was used to drop 3 or 4 drop of cell 
suspension over the wet slide held in an incl ined angle. The 
slide was then shaken vigorously to remove excess l iquid 
accumulated over the surface and air dried. 
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Conven t iona l Giemsa staining 
This procedure was adopted ini t ial ly to observe the 
mitotic index in somatic t issues and meiotic stages from 
gonadal t issue immediately after slide preparat ion. It can also 
be used for staining the pachytene chromosomes and rapid ' C 
banding staining. The slides were immersed in diluted giemsa 
staining solution. The slide were stained for about 4 minutes 
and rinsed briefly in dist i l led water before air drying. 
Acetoorcein staining 
A few slide were stained in 1% acetoorcein stain, 
following the conventional procedure , the morphology of 
mitotic and meiotic chromosomes of some mosquito species 
was studied. 
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OBSERVATIONS AND RESULTS 
The metaphase stage is most suitable period for taking 
the observations of chromosomal prepara t ions . During the 
metaphase stage chromatids become shorter, and thicker, and 
very prominent , the number size and morphology of 
chromosomes can be studied under light microscope after 
appropriate treatment of the cell, and their appearance at this 
stage is character is t ic for each species. 
Colchicine treatment is given to arrest the metaphase 
stages. The size of chromosome is dependent on the length of 
its arms, while its shape is dependent on the posi t ion of the 
centromere which is seen as a constr ict ion. At metaphase each 
arm consists of chromatids lying side by side, depending on 
the length of the arm and posit ion of centromere they are 
named metacent r ic , submetacentr ic , acrocentr ic , subtelocentr ic 
and telocentr ic . When the two arms are equal in length or 
almost so, the chromosome is "metacent r ic" , when one arm is 
only one third to one half as long as the other, the 
chromosome is "submetacent r ic" , when one arm is only one 
seventh to one third as long as the other, the chromosome is 
"acrocent r ic" , when the centromere is very close to the end the 
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chromosome is "subte locent r ic" and when the centromere is at 
the end, chromosome is " te locent r ic" . 
Metaphase chromosomes can be shown or photographed 
and then arranged in homologous pairs in a systematic manner 
to form "Karyotype" . Normally the karyotype is constant from 
cell to cell with an individual and with the exception of sex 
chromosomes, from individual to individual , within the same 
species karyotping is done to study chromosomal changes, 
character izing chromosomal aberrat ion that can not be 
detected by microscopic examination alone. Nowadays 
different banding (Q,G,C,R,N) pattern are used, which are 
considered more important then morphology which was 
previously considered as the sole cri terion for preparing the 
karyotype. 
Nevertheless , morphological considerat ions of size 
and centromeric posit ion still remain crit ical parameters used 
in the identification of chromosomes. 
The typical diploid chromosome number of 6 has been 
observed constantly in all the species of mosquitoes studied so 
far, except in Coretha (2n=8). Based on the variat ion in the 
staining capacity of the shortest pair in complement, it is 
possible to classify mosquito karyotypes into two groups. 
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(a) Culicine type (b) Anopheline type 
(a) Typical ly the Culicine karyotype shows three pairs of 
longer chromosomes which aje dis t inguished not only by 
a slight difference in their total arm length, but also by 
means of their character is t ic banding pat terns . However 
the shortest pair is not heteropycnot ic but appears 
similar to the autosomes. 
(b) The Anopheline karyotype reveals three pairs of 
character is t ical ly stained chromosomes. A pair of shorter 
sex chromosomes and two pairs of longer autosomes. The 
shortest pair forms the I pair in the complement, which is 
highly heterochromat ic and easily identif iable. In the 
case of male, Y chromosome is more condensed and 
shorter than X chromosome in females. Morphological ly 
the sex chromosomes are subtelocentr ic in some species 
and acrocentr ic in others on the other hand the larger 
autosomal pairs are either typical metacentr ic as in case 
of chromosome II, or nearly so as in the case of 
chromosome III. 
In support of the observat ions of these results the 
photographs of each metaphase complement is presented. 
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Culex pipiens fatigans (widemann). The diploid chromosome 
number (2n=6), this shows that it consist of 3 pairs of 
chromosomes, all the three pairs of chromosomes are 
metacentr ic as shown in the photograph, (Fig. A&B). 
The percent relat ive lengths in male chromosomal 
complement comprises 19.37% for chromosome I, 35 .65% for 
chromosome II and 44.96% for chromosome III approximately 
of the total haploid set (Table I, Histogram I). 
While in females 19.12% for chromosome I, 36 .17% for 
chromosome II, and 44.70%for chromosome III, 
approximately. (Table II, Histogram II). 
Anopehles Subpictus ("Grassij. The diploid chromosome 
number is (2n=6), shows that it consists of 3 pairs of 
chromosome, the first chromosome pair i.e. chromosome I is 
smallest and acrocentric and chromosome II and III are 
metacentric and almost equal in size with only slight 
difference, as shown in photograph (Fig. C&D). 
The' male determining sex chromosome Y comprises 
about 15.27%, chromosome II, about 39.90% and chromosome 
III about 44 .78% approximately of total haploid set length. 
(Table III, Histogram III) 
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The female determining X chromosome from the fourth 
instar larvae show a mean relat ive length of about 15.32%, 
the chromosome II about 3 8 . 4 1 % , the chromosome III about 
46.26% of total haploid set length (Table IV, Histogram IV) 
Anopheles stephensi The diploid chromosome number is 
(2n=6), shows that it consists of 3 pairs of chromosome, 
the metaphase complement consist of two pairs of long 
metacentr ic chromosome and a pair of short submetacentr ic X 
chromosomes in female, the sex chromosomes form a 
heteromorphic pair in case of male, where the Y chromosome 
is recognizably smaller than X chromosome as shown in 
photograph (Fig. E&F). 
The male determining chromosome Y contr ibutes about 
19.96%, the chromosome II about 33.60%, the chromosome III 
about 45.70% of the total haploid length. (Table V, Histogram 
V). 
The female chromosome complement shows a mean 
percent relat ive length of 28.32%, the chromosome II about 
35 .93%, and the chromosome III about 35.71%of the total 
haploid set length. (Table VI. Histogram VI). 
Anopheles culicifacies: The diploid chromosome number is 
(2n=6), the metaphase chromosome complement is a typical 
27 
Anopheline type, the metaphase chromosome complement 
consist of a pair of short submetacentric chromosomes and two 
pairs of large metacentric chromosomes the short set pairs is 
heteropycnotic and condensed, whereas the autosomes can 
easily be distinguished by the position of their centromeres 
and by the arm lengths. The Y chromosome is considerably 
shorter and totally heteropycnotic and condensed as shown in 
photographs (Fig. G & H). 
The male determining chromosome complement 
comprises about 20.72%, the chromosome II about 33.44% and 
chromosome III about 45.81% of the total haploid length as 
shown in (Table VII, Histogram VII). 
The female chromosome complement shows a mean 
relative length of about 28.32% for chromosome I, 35.93% for 
chromosome II and about 35.71% for chromosome III, of the 
total haploid set length. (Table VIII, Histogram VIII). 
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Figure A. Meiotic metaphase chromosomes of testis from 
fourth instar 6 larvae of Culex pipiens fatigans 
and the corresponding karyotype. 
Figure B. Mitotic metaphase chromosomes of brain from 
fourth instar $ larvae of Culex pipiens fatigans 
and the corresponding karyotype. 
Figure C. Meiotic metaphase chromosomes of testis from 
fourth instar 6 larvae of Anopheles subpictus 
and the corresponding karyotype. 
Figure D. Mitotic metaphase chromosomes of brain from 
fourth instar ? larvae of Anopheles subpictus 
and the corresponding karyotype. 
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Figure E. Meiotic metaphase chromosomes of testis from 
fourth instar 6 larvae o^ Anopheles stephensi and 
the corresponding karyotype. 
Figure F. Mitotic metaphase chromosomes of brain from 
fourth instar ? larvae oi Anopheles stephensi and 
the corresponding karyotype. 
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Figure G. Meiotic metaphase chromosomes of testis from 
fourth instar 6 larvae of Anopheles culicifacies 
and the corresponding karyotype. 
Figure H. Mitotic metaphase chromosomes of brain from 
fourth instar ? larvae of Anopheles culicificies 
and the corresponding karyotype. 
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H-IV Histogram representing the normal karyotype of 
? Anopheles subpictus. 
H-III Histogram representing the normal karyotype of 
6 Anopheles subpictus. 
II - Chromosome data from larval tissue of ? 
Culex pipiens fatigans. 
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DISCUSSION 
It is striking and also surprising that all mosquitoes 
maintain a basic chromosome number of (2n=6) with a single 
exception in Corethra where (2n=8). However even though the 
basic number is uniform, conventional studies have revealed 
considerable variat ions among different species pertaining to 
chromosome size, centromeric posit ion and chromosome 
polymorphism. White, (1949), Kitzmil ler , (1976), Mukherjee 
et al., (1970) Tadei et al., (1984) Kaiser et al . , (1988). 
Although Rai (1936) indicated that karyotypes of different 
genera and occasionally of different species of mosquitoes 
may be dist inctive, on the whole mitot ic karyotypes, 
par t icular ly of Culicines, are remarkably uniform, this fact 
indicates gross changes in whole chromosomes or chromosome 
complements of Culicines may not have played any important 
role in speciat ion. Furthermore, it is general ly believed that in 
most Culicines because of this uniformity, the somatic 
karyotypes are not especial ly promising for gleaming 
information about the evolution of these karyotypes 
K:itzmillers.(1963). 
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In Contrast Anophel ines posses numerous different 
karyotypes . Studies of their polytene chromosomes have 
revealed a great deal of chromosome polymorphism, 
par t icular ly in the presence of inversion Mathiopoulos et al., 
(1995). This is true not only for different species but also for 
different populat ions in the same species Torre et al. (1997). 
Holstein (1957) has shown that different strains of Anopheles 
gambiae Giles from different geographical areas shows a high 
chromosomal variabi l i ty , the same is true for Anopheles 
punctipennis and Anopheles freeborni, Aitken populat ions in 
united state and for other Anophel ines Kitzmiller (1963). 
The present study deals with the study of a Culicine 
species i.e. Culex pipiens fatigans, the chromosomal 
complement consist of three pairs of chromosome all are 
metacentric. 
Among Anophel ines , three species are studied i.e. 
Anopheles subpictus, Anopheles Stephens! and Anopheles 
culicifacies. These species shows less s imilar i t ies and 
remarkable differences in their karyotypes. 
In Anopheles subpictus the two large autosomes are 
metacentr ic and the heterochromosome are acrocentr ic in 
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shape. Anopheles subpictus thus resembles in Karyotypic 
details with the species of Maculipennis complex with only 
difference is that the heterochromosomes lack the usual short 
arms of maculipennis type. The X chromosome of this species 
is seem to be derived from Anopheles vagus type by involving 
at least one per icentr ic and two paracentr ic invers ions. 
Venkatchalaiah (1981). 
While in the other two species i.e. Anopheles stephensi 
and Anop^les culicifacies, the metaphase chromosomal 
complement is a typical Anophel ine type, consist ing of a pair 
of short submetacentr ic chromosomes and two pairs of long 
metacentr ic chromosome. In case of Anopheles stephensi the 
sex chromosomes form a heteromorphic pair in case of males, 
where the Y chromosome is recognizabley smaller than X 
chromosome while in Anopheles culicifacies the short pair is 
hetropycnotic and condensed, and Y chromosome is 
considerably shorter and totally hetropycnot ic . 
Three types of Anopheles karyotypes have been described 
so far. In European maculipennis, in occidentalis, infreeborni 
in earlei, in punctipennis and aziecus the X chromosome was 
reported to be subtelocentr ic , but the Y chromosome was 
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found to be shorter then X and this difference could only be 
marked in excellent preparat ion Baker and Kitzmil ler (1964, 
1965 a,b). 
A second type of karyotype was described by Frizzi 
(1953b)in Anopheles claviger and Anopheles quadrimaculatus, 
in this only the small dot like portion of heterosomes equal in 
females but unequal in males seemed to be present and larger 
element was lacking, Rai and Craig (1961) reported this 
chromosome pair as metacentr ic but made no mention of 
dimorphic X & Y chromosome, the best preparat ion show that 
Y consist of 2 small dots. Our present in terpreta t ion of this 
condi t ions is that one dot represents sex differentiating 
elements, smaller then the smaller portion of X and other dot 
represents a very reduced part which is much longer in the X. 
Breland (1961) has described metaphase chromosomes of 
A.pseudopunctipennis these clearly are of A.quadrimaculatus 
type, only in best preparat ions heterosomes could be 
differentiated. 
In view of the remarkable uniformity of the karyotypes 
in Culicines mosqui toes , with those of Anophel ines , it is 
tempting to suggest that mechanism of speciat ion may be 
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different in different genera of mosquitoes, and that some of 
these Anophelines may have undergone much more 
chromosomal repatterning than Culicines. These non 
Anophelines genera may have depended more on point or genie 
mutations. 
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CONCLUSION 
1. The diploid chromosome number of all mosquito species 
examined is 6, and each complement consists of three 
pairs of chromosome, two relat ively large and one 
slightly short chromosome pair. 
2. The sex chromosome pair (chromosome I) is 
heteromorphic in Anophel ines , while homomorphic in 
Culicines. 
3. The chromosomes have been designated as chromosome 
I, II, III in the ascending order of their relat ive lengths. 
4. Morphological differences between X and Y 
chromosomes may be due to condensat ion of 
chromosomes. 
5. The mechanism of speciation may be different in 
different genera, of mosqui toes , the Anophel ines may 
have undergone much more chromosomal repat terning 
during the course of evolution, while Culicine may have 
depended more on point or genie mutat ions. 
6. In case of Anophel ines sex chromosome show partial or 
complete heteropycnoci ty , however the sex chromosomes 
in Culicines are negatively heteropycnot ic . 
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SUMMARY 
In present work karyotpyes of four species of mosquitoes 
i.e. Culex pipiens fatigans, Anopheles subpictus, Anopheles 
Stephens! and Anopheles culicifacies have been analysed some 
of these were field col lected, gravid females were usually 
collected from the field and colony houses , for their eggs and 
some others were collected from different places. 
Sexing was done at the larval and pupal stages. In female 
thoracic region is much wider than in the males, and the 
female pupae are bigger in size than the male pupae. The 
larval t issue (brain and gonadal t issue) was used in the 
preparation of chromosomal sl ides. 
A modified air-drying technique standardized in this 
laboratory was adopted in the preparat ion of mosquito 
chromosomes this include a combination of hypotonic 
prefixation treatment and air drying, as well method used by 
Hungerford (1965, 1971). A modified air drying techniques 
used by Venkatchalaih (1981) was adopted. 
The normal karyotype of the four species of mosquitoes 
is studied and their percent relat ive length and centromeric 
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index were calculated. All the four species consist of 3 pairs 
of chromosome. 
Depending upon the length of the arms and the postion of 
the centromere, the chromosomes are named as "metacent r ic" 
"submetacent r ic" . and "acrocent r ic" subte locent r ic" and 
" te locent r ic" . 
It is possible to classify mosquito karyotypes into two 
groups. 
(a) Culicine type (b) Anopheline type 
(a) Typical ly the Culicine karyotype shows three pairs of 
chromosome, a pair of shorter sex chromosomes and two 
pairs of longer autosomes, that can be dis t inguished by 
slight differences in their total arm lengths. In the type 
study Culex pipiens fatigans all chromosomes are 
metacentr ic . 
(b) Typical ly the Anophel ine karyotype reveals three pairs 
of character is t ical ly stained chromosome. The sex 
chromosome is the shortest , and form the first pair in the 
complement. It is highly heterochromatic and easily 
identif iable. In the case of male, Y chromosome is more 
36 
condensed than X chromosome. Morphologically, the sex 
chromosomes are acrocentric as in case of Anopheles 
subpictus, subtelocentric in some species, and 
submetacentric as in case of Anopheles stephensi and 
Anopheles culicifacies on the other hand the larger 
autosomal pairs are either typical metacentric as in case 
of chromosme II, or nearly as in case of chromosome III. 
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